Background: There is heightened interest in strengthening the linkages between agriculture and nutrition so that agriculture education systems become more nutrition-sensitive. This study was conducted to document the process of integrating nutrition into the training curricula of the Matourkou Agriculture Training Centre (CAP/Matourkou) in Burkina Faso. It also aimed to identify the challenges as well as the opportunities related to this mainstreaming process.
Background
Burkina Faso is among the 36 high burden malnutrition countries in the world [1] . The prevalence of child stunting is 33%, with nearly one million of children under five being affected [2] . Eleven percent of children under five are wasted and 14% are born with low-birth weight [2] . Micronutrient deficiencies are common among children and women. Half of the women in reproductive age group are anemic [2] while 54% of children under five are deficient in vitamin A [3] . Burkina Faso is not on course to meet the five World Health Assembly's targets on nutrition [2] . However, the country has made good progress in the area of infant and young child feeding. Moreover, there are prospects for good nutrition governance and the promotion of multi-sectoral nutrition programming as well as alignment towards a common results framework [4] .
There is now a growing momentum for evidence-based, sustainable and multi-sectoral nutrition interventions delivered at scale to accelerate progress for nutrition [5] . Investment in large-scale nutrition sensitive programs can address, not only the underlying causes of under nutrition, but also provide a platform for scaling-up of nutrition-specific interventions [6] . Agriculture is one of the sectors that can be leveraged to achieve sustainable reduction in under nutrition [7, 8] . There is, indeed, a heightened international interest in linking agriculture with nutrition [5, 7, 8] .
Burkina Faso has taken steps to integrate nutrition into its agricultural policies [9] . The government has recently adopted a national policy on food and nutrition security, which includes nutrition as a key component. The country has also developed a nutrition-sensitive agriculture investment plan under the framework of the Comprehensive Africa Agriculture Development Program (CAADP). Clearly, there is a positive move towards exploiting the potential of agriculture for nutrition in the country. Agriculture professionals in Burkina Faso can play a key role in this process. As in other African countries, they work closely with rural farmers and provide them with the technical assistance and advisory services they need to boost their agricultural production [10] . The integration of nutrition-oriented modules into the pre-service or in-service training curricula of agriculture professionals could therefore provide a platform for the delivery of best nutrition practices to rural communities [10, 11] . It was against this background that the Centre Agricole Polyvalent de Matourkou or the Matourkou Agriculture Training Centre (CAP/Matourkou), the only professional training Centre of the Ministry of Agriculture of Burkina Faso, started a program to integrate nutrition into its pre-service curricula during the 2013-2014 academic year, under an Africa's Nutrition Security Partnership (ANSP) initiative with support from the European Union (EU) and the United Nations Children's Fund (UNICEF), and in partnership with key stakeholders (FAO, Hellen Keller International, etc).The revised training curricula pertained to agricultural engineers (AE), higher level technicians (HLT), and agricultural agents (AA). This paper describes the process of integration of nutrition into the training curricula of CAP/Matourkou. It assesses the scope of nutrition topics covered in the revised training curricula and evaluates the extent to which the nutrition mainstreaming process has contributed to improving the knowledge and skills of students in nutrition, while identifying the associated challenges and opportunities.
Methods

Study Area
The CAP/Matourkou, located in Bobo-Dioulasso, was established in 1963 as an institution of higher education and research in agricultural sciences [12] . Its mandate is to train students to acquire high-level agricultural techniques in order to support farmers. The training involves classroom-based taught courses, field visits and internships across the different agro-ecological zones of the country. The Centre had trained more than 4,500 people by 2014 [12] .
Currently, the training for AE is the highest level of the three programs offered at CAP/Matourkou. Higher Level Technicians in agriculture with three years of professional experience or students with postgraduate diploma in chemistry, biology, agronomy or a related field are eligible for admission. Training lasts three years, after which graduates are expected to design innovative solutions to help farmers and rural communities to maximize their agricultural diversified production and productivity.
The training for Higher Level Technicians is aimed at Agricultural Agents with three years of professional experience or students with general college degrees in biology, mathematics, physics or a related field. After their two-year training, graduates are equipped to help farmers solve problems relating to agricultural production and practice.
The third program trains Agricultural Agents. Students with a high school diploma are eligible for admission. The two-year training equips them to provide direct technical assistance and advisory services to farmers and rural communities.
Data collection
Data were collected between August and October 2015 from various sources: i) Desktop review of literature on the mainstreaming process; ii) Evaluation of the scope of nutrition topics introduced into the curricula; iii) Evaluation of the effect of the revised curricula on the knowledge and skills of students in nutrition; and iv) Focus group discussions (FGDs) and semistructured interviews on the perceptions and experiences of students, management and faculty members on the process.
Desktop review of the mainstreaming process
A literature search was conducted to review available reports and key documents related to the nutrition mainstreaming process. The documents (available upon request) included: i) Report of an ANSP inception worksho;
ii) Report of a workshop organized to define key nutrition topics to be included into the revised curricula;
iii) Report of a curriculum revision workshop; iv) Report of a workshop organized to validate the proposed revised curricula; 
Scope of nutrition topics introduced into the curricula
The criteria used to assess the revised curricula were the content and scope of the nutrition topics covered; the method of integration of nutrition; and the method of delivery of nutrition instruction.
Effect of the revised curricula on students' knowledge and skills in nutrition
We evaluated the effect of the students' knowledge and skills in nutrition by comparing the performance of one group of students trained with the curricula and another group of untrained students on a 90-minute written test. The 'exposed' group (Group A) was made up of 48 second year agricultural engineering students who had already received nutrition instruction under the revised curriculum. The control group (Group B) was made up of 24 first year agricultural engineering students who had not received nutrition instruction. The written test, which was done anonymously, included 19 open-ended questions related to the nutrition topics covered in the revised curricula. We could not select students in the final year of the agricultural engineering program as they were in the field for their internship at the time of data collection.
Focus group discussions and semi-structured interviews
FGDs were conducted separately with 14 faculty members (3 faculty members dedicated to nutrition and 11 faculty members teaching agriculture-related courses) and 6 senior members of CAP/Matourkou to discuss their perceptions, needs, expectations and challenges relating to the process of mainstreaming nutrition into the agricultural training curriculum.
As it was not possible conduct a FGD with the students because of their relatively large number, we asked the 48 students of the AE program who had received nutrition instruction under the revised curriculum (Group A) to fill in a questionnaire which included questions on their perceptions, needs, and expectations about the nutrition mainstreaming process. All the discussions and interviews were held at CAP/Matourkou and were guided by the SWOT (Strengths, Weaknesses, Opportunities and Threats) analytical framework.
Data analysis
Quantitative data were cleaned and analyzed in SPSS 14.0. The scores for the knowledge test were expressed in percentage (ranging from 0 to a maximum of 100). Four categories of score were created: poor score (<50%), average score (50-59%), good score (60-79%) and very good score (≥80%).Student's t-test was used to assess the difference between the mean scores for the written test for the two groups. Chi-square test was used to assess the difference in the demographic characteristics of students that took the test. The level of significance was set at P<0.05 for all tests.
Qualitative data analysis consisted at identifying the major themes that emerged from interviews. Data were entered into Microsoft Excel 2010.The discussions were transcribed and content analysis used to categorize the perceptions of students, faculty members and the management of CAP/Matourkou according to each of the four SWOT elements.
Results
Description of the process used to integrate nutrition into training curricula
An iterative process involving multi-stakeholder consultation was used by CAP/Matourkou to integrate nutrition into its existing curriculum for agricultural engineers, higher level technicians, and agricultural agents. (Table 1) .
ANSP inception workshop-main objectives of the mainstreaming process and expected results
The process was conducted within the framework of the EU-UNICEF ANSP which aims to promote nutrition security in Africa through the implementation of a set of interventions articulated around four main pillars: integration of nutrition security within national development policies and nutrition security awareness; capacity strengthening for nutrition and institutionalization of multi-sectoral nutrition; reinforcement of nutrition information systems; and scaling up of specific nutrition interventions. The focus countries for the ANSP program were Burkina Faso, Mali, Ethiopia and Uganda, with the possibility of expanding the program to other African countries in the coming years.
The nutrition mainstreaming process fell under the second pillar of the ANSP in Burkina Faso. It was implemented with direct support from UNICEF, FAO and other partners. The inception workshop of the ANSP program, which was held in Bamako, Mali from 22 to 24 February 2012, allowed all stakeholders to discuss, among others, the integration of nutrition into the training curricula of CAP/Matourkou and the key results to be achieved ( Table 1) . The workshop was attended by the participants of the four target countries and external partners. Burkina Faso was represented at the inception workshop by eight delegates from seven institutions including CAP/Matourkou.
Orientation workshop
An orientation workshop, aimed at enabling stakeholders to have a common understanding about the nutrition mainstreaming process and the results to be achieved, took place in Banfora, Burkina Faso, from 12 to 15 July 2012.The workshop also oriented participants on the broader concept of nutrition security and the linkages between agriculture and nutrition. It was attended by 28 participants from 9 institutions.
Identification of key nutrition topics to include into existing Matourkou training curricula
A total of 38 participants from 10 institutions gathered in Matourkou from 15 to 17 October 2012 to define the key nutrition topics to incorporate into the curricula of CAP/M. During the workshop, participants agreed to enhance existing curricula through vertical and horizontal integration of nutrition. The choice was clearly made not only to add stand-alone nutrition courses, but also, to integrate nutrition into all relevant subjects being taught at CAP/Matourkou so as to address both nutritionspecific and nutrition-sensitive issues. The main outcome of the workshop was the identification of the key nutrition topics to be added into the existing curricula (Table 2) .
Curriculum revision
A core group of 32 participants met in Banfora from 13 to 15 December 2012 to revise the curricula according to regional standards. The group developed a teaching package for each of the courses or topics related to nutrition. The package for stand-alone nutrition courses included the following elements: i) learning objectives, ii) skills and competencies expected from students at the end of each course, iii) course structure and content, iv) course requirement, v) teaching method, vi) instruction time, vi) evaluation methods, and vii) implications of the revision (in terms of logistic and didactic needs). The package for agriculture-specific courses in which nutrition was embedded included the key aspects of nutrition to emphasize in the course, and the skills and competencies in nutrition expected from students at the end of the course.
Validation of the proposed curricula
A validation workshop, attended by 55 persons from 14 institutions, was held in Bobo-Dioulasso from 04 to 05 April 2013. The draft training packages, prepared by the core group during the curriculum revision workshop, were discussed in groups. The validation workshop adopted a set of revised training curricula ( Table 3) .
Training of faculty members in nutrition
A training workshop was organized from 26 to 30 August 2013 to build the capacity of 27 faculty members of CAP/Matourkou to teach nutrition courses. The topics covered included an overview of the basic concepts on food and nutrition security, the prevention and management of malnutrition, nutrition education, and skills on behavior change and interpersonal communication. The training was done by an experienced 
Farakoba, Burkina Faso
To discuss the implementation of the process and make recommendations for ongoing improvement
nutrition expert contracted by UNICEF.
Implementation of the new curricula
The implementation of the new curricula started in November 2013, at the beginning of the 2013-2014 academic year. At the time of data collection, the school was in the second year of the implementation of the revised curricula.
Monitoring of the implementation of the process
Periodic internal meetings were organized by CAP/Matourkou to monitor the implementation of the revised curricula and to make adjustments as necessary. All stakeholders involved in the process met in Farakoba, Burkina Faso, from 28 to 29 November 2014 to discuss the implementation of the process and make recommendations for ongoing improvement.
Assessment of the nutrition content of the curriculum
For the vertical integration, two stand-alone nutrition courses were added to the curriculum of students in the AE and HLT programs ( Table 3 ). The topics covered in the Human Nutrition 1 course were food groups, dietary diversity, nutritional requirements, malnutrition, food consumption, nutrient intake, and body composition. The focus was mainly on the linkages between food security and nutrition security in the Human Nutrition 2 course. A dedicated nutrition course covering only some basic knowledge on nutrition was added to the curriculum of students in the AA program. For the horizontal integration, nutrition was embedded into 13 subjects of the AE program, 5 subjects of the HLT program, and 2 subjects for the AA program (Table 3 ). An important element of this horizontal integration was that nutrition topics were embedded in the agriculturespecific courses without adding instruction time. The method of delivery of nutrition instruction in the revised curricula was mainly didactic, with insufficient time devoted to practical hands-on training.
Assessment of students' knowledge in nutrition
The age and sex distribution of the two groups of students that took the written test were similar (Table 4) . Students in the intervention group achieved statistically significant higher mean test scores than those in the control group (53.2±10.0 vs. 45.7±10.8, p=0.005).Within each group, the scores for the written test ranged from 35 to 80 in group A and from 20 to 65 in group B. About 73% of the students in the intervention group A scored 50% compared with half of the students in the control group B.
There was no statistically significant difference in the mean score for the test between male and female within each group. However, within each comparison group, students aged > 30 years scored significantly higher marks than younger students.
Assessment of the perceptions of students, faculty members and management about the process
The most commonly reported strengths were that the process was clear, straightforward, and involved many partners from 
Level of instruction
Stand-alone nutrition courses (vertical integration)
Subject topics in which nutrition is embedded (horizontal integration)
Agricultural Engineers
• Human Nutrition 1: food groups; dietary diversity; nutritional requirements; malnutrition (definition, forms, causes and consequences); food consumption; nutrient intake and diet quality; body composition; prevention of malnutrition at community level
• Human Nutrition 2: food security, nutrition security; linkages between food security and nutrition security; linkages between agriculture, nutrition and health; concrete actions to promote food and nutrition security at community level 
different organizations (Table 5 ). Lack of internal communication about the process was the most reported weakness. Other weaknesses were insufficient training of faculty members in nutrition, limited access of students to learning materials on nutrition, lack of clarity on the competencies that students are expected to exhibit upon graduation, and limited number of nutrition courses that emphasize practical skills. The commonly reported opportunities were the possibility for students and faculty members to upgrade their knowledge in nutrition, the potential expansion of partnerships between CAP/Matourkou and national and international institutions working in nutrition, and the possibility for the Centre to generate additional resources through services and consultancies in nutrition.
Discussion
In this study, we assessed the process of integration of nutrition into the training curricula of CAP/Matourkou and identified the associated challenges and opportunities. Our results indicate that a straightforward, iterative and multi-stakeholder process was followed by CAP/Matourkou, leading to the vertical and horizontal integration of nutrition into existing curricula. A similar approach was also used in Mozambique for the revision of pre-service curriculum for non-physician clinicians [13] . Overall, according the beneficiaries and stakeholders, the process to include nutrition in all relevant curricula at CAP/Matourkou was successful. It was simple, clear and reproducible. Key drivers to success were the use of expertise from a large number of organizations working in various fields (agriculture, health, nutrition, and education) and the establishment of a core group of motivated technical experts who reviewed and validated the curricula. The fact that CAP/Matourkou took a great ownership and facilitation of the process was also critical for success.
Another important element was the approach taken to mainstream nutrition courses into existing curricula. For the three levels of instruction at CAP/Matourkou, stand-alone nutrition courses were supplemented by nutrition topics embedded in agriculturespecific courses throughout the curriculum. This comprehensive approach has been recommended for the integration of nutrition into the curriculum for health professionals in West Africa [14] and other settings [15, 16] . Although the revised curricula covered the basic knowledge on nutrition, it lacked focus on nutrition topics which emphasize practical skills. The curricula did not, for example, emphasize the promotion of nutrition at community level through communication or behavior change techniques or nutrition education, an area where students of CAP/Matourkou are expected to play a key role after graduation. The limited practical-oriented courses could be attributed to the mainly didactic method of delivery of nutrition instruction at CAP/ Matourkou. Large class sizes hinder practical training. There are, for example, more than 200 students in the AA program for the 2014-2015 academic year. We have highlighted the importance of applied nutrition and hands-on practical skill development for health professional training in West Africa [14, 17] .
We found that students who received nutrition instruction under the revised curricula scored significantly higher than those who • Multi-stakeholder process
• The process was straightforward, efficient and transparent
• Great ownership and facilitation by CAP/ Matourkou
Weaknesses
• Poor participation of students in the nutrition mainstreaming process (many of them said that they were not involved in the different steps of the process)
• Lack of information about the process (many students heard about the process at the time of data collection)
• Lack of nutrition courses emphasizing practical knowledge in the curriculum
• Limited access to learning materials on nutrition
• High staff turnover (especially those that were trained in nutrition)
• Insufficient training of faculty members in nutrition (the training they received in nutrition was too short-only 3 days)
• Insufficient communication about the process
• Most teachers expressed that it was really a new domain. As a result, it was difficult for them at the beginning to include nutrition into their courses.
• • Opportunity to expand their knowledge in nutrition
• Opportunity to expand partnership with national and international institutions working on nutrition
• Opportunity to generate additional resources through services and consultancies in nutrition
Threats
• Fear of not having the opportunity to apply the nutrition knowledge received after their graduation
• Lack of capacity development opportunities in nutrition may limit their motivation to integrate nutrition in their courses
• Lack of a long-term funding and support from partners may hinder the sustainability of the approach did not. Given that some of the students in the control group may have been exposed to nutrition information, it can be argued that the true difference between the two groups may be greater. It is probable that the curriculum revision process has contributed to improving the knowledge of students in nutrition. However, the fact that the vast majority of them scored just around the average for the test suggests that the approach used by CAP/Matourkou may not be sufficient to improve their overall knowledge, skills and competencies in nutrition. This may partly be due to the fact that the students did the test several months after the nutrition courses had been taught. They may have scored higher marks if they had been tested within a few weeks of their training. The mainly didactic, non-interactive and non-competency based approach makes it easier to forget what has been learned.
A multi-level support is, therefore, needed to improve and sustain the knowledge and capacity of students in nutrition. First, it is crucial to empower faculty members to teach nutrition courses. The teachers have only had a brief experience with the revised curriculum. They will likely teach nutrition courses better as they become more familiar with the revised curriculum. During focus group discussions, most of them mentioned that the initial nutrition training that they received did not adequately prepare them to teach nutrition courses. The support to faculty members should, therefore, go beyond a one-off training and include a multi-level capacity development plan that includes elements such as mentoring, coaching as well as the provision of appropriate teaching material in nutrition [18] . National authorities should provide CAP/Matourkou with the opportunities to recruit nutrition specialists to improve its teaching capacity. Secondly, it is important to equip students with adequate learning materials on nutrition and provide them with the opportunities to do internships with national and international organizations working on nutrition. Lastly, opportunities must be created for students to gain hands-on practical knowledge in nutrition.
This study has some limitations. As only students in the AE program took the written test, our findings on the nutrition knowledge of students may not be applicable to those in the HLT and AA programs. Over time, we expect that the nutrition knowledge and skills will diffuse to the other programs. Beyond knowledge, it would have been good to also assess the skills and competencies of students in nutrition. Lastly, in future when the process has evolved, we would like to assess how graduates of CAP/Matourkou perform nutrition-related tasks after graduation. 
Conclusion
Our data indicate that nutrition was successfully mainstreamed into the training curricula of CAP/Matourkou in Burkina Faso. However, efforts should be made to expand student's knowledge in nutrition. It is important to expose students to nutrition courses that emphasize practical knowledge. Opportunities should also be created for faculty members to upgrade their capacity to teach nutrition courses. Key technical partners should continue to provide a multi-level support to the process. This will ensure the sustainability of the approach and make the training programs offered by CAP/Matourkou more effective and tailored to the job description of agricultural professionals in Burkina Faso.
